Cerebral blood flow (CBF), intracranial pressure (ICP), brain metabolism (CMRO2), systemic arterial pressure (SAP), and arterial blood gases were measured in comatose patients, most of whom had suffered a head injury. The patients were divided into two groups according to whether a mass lesion was or was not demonstrated by bilateral carotid angiography. In the majority of patients a control run measuring regional cerebral blood flow (rCBF) was followed by a test of cerebral autoregulation; hypertonic mannitol was then administered. During the control period there was marked and unpredictable variability in all of the parameters recorded. There was no correlation between ICP or CBF and neurological status or CMRO2 except at very high levels of ICP. Autoregulation was intact in some patients and defective in others, and there was no correlation between the status of autoregulation on the one hand and CBF or survival on the other. Mannitol increased CBF in nearly all patients, to twice the control value in a few, and CMRO2 increased with CBF in several patients. The change in CBF was independent of the initial ICP or the response of ICP to mannitol. Thus, the relationship of these parameters was unpredictable in acutely brain-damaged patients; the status of autoregulation was also unpredictable.
T HE complex responses of the brain to an acute insult, such as head injury, stroke, or cerebral hypoxia from other causes, involve alterations in the cerebral circulation and metabolism, the fluid content of the brain, and intracranial pressure (ICP). The nature of these changes has not been defined in man. During the past decade, however, techniques have bccome available that permit assessment of a number of pertinent brain functions, including ICP, cerebral blood flow (CBF), and the cerebral metabolic rate of oxygen use (CMRO.,).
Measurements of arterial blood gases (PaO_~, PaCO2), pH, and systemic arterial pressure (SAP) permit assessment of the contribution of systemic factors to the alterations observed within the intracranial space.
The present study was undertaken for several purposes. The first was to determine the incidence of intracranial hypertension and correlate levels of ICP with the patient's neurological status. Since there is evidence that increased ICP damages the brain only to the degree that it reduces the CBF or causes transtentorial herniation and brain stem comprcssionj the sccond purposc was to examine the relationship of ICP to CBF. The relationship of both ICP and SAP to CBF is dependent on the response of autoregulation to a change in cerebral perfusion pressure (CPP). When autoregulation is defective, CBF tends to follow CPP passively whether the latter is changed by altering ICP or SAP. 1~ In practical terms, the non-autoregulating brain is more vulnerable to ischemia from changes in CPP than is the autoregulating brain. Since it is clear that SAP and ICP vary greatly in acutely brain-injured patients, the status of autoregulation might serve as an index of the degree of brain injury as well as the probability of survival.
The third purpose of the studies was to evaluate the usefulness of CMRO2 measurements in assessing the nature and degree of brain damage and the response to treatment. CMRO2 is an index of brain function that can be measured quantitatively. Damaged brain cells use less 02 than normal cells. The causes of decreased CMROz are numerous and poorly understood. Factors that are likely to be important in patients with brain damage include diffuse mechanical brain damage resulting in a reduction in metabolism throughout the brain; a severe focal brain injury; a brain stem lesion that damages the reticular activating system and causes a reduction in neuronal activity and thus a modification of metabolism in the intact cerebral hemispheres; or a reduction in metabolism secondary to brain hypoxia, in turn due to systemic hypoxia or decreased CBF. Each of these types of insult may be reversible or irreversible. If brain cell activity measured by CMRO~ is reduced because of inadequate CBF, improvement in CBF might improve the CMRO2 and the patient's neurological status. Thus, another purpose of the studies was to increase CBF by reducing cerebral edema and ICP using hypertonic mannitol. If CMRO~ improved, this would constitute evidence that the decrease in CMRO~ was due to decreased CBF and that the brain injury, manifested by a decrease in metabolism, was reversible.
Materials and Methods
All of the patients in the series were admitted directly or referred to the neurosurgica1 service of the Philadelphia General Hospital for diagnosis and management. Emergency management included the usual general physical and neurological survey and treatment procedures. Patients with a suspected mass lesion had bilateral carotid angiography followed, when indicated, by surgical treatment including the immediate placement of burr holes when the patient was in extremis. The neurological criteria for study following surgery were: failure to improve, continued deterioration, or improvement followed by deterioration. Cerebral blood flow studies were not performed except when a postoperative angiogram was indicated on clinical grounds. The patients without a mass lesion were also studied in an attempt to find some medical means of improving their neurological status. Written informed consent, approved by the Human Subjects Review Committee of the Philadelphia General Hospital, was obtained from a member of the patient's family whenever possible prior to the study.
The ICP was measured continuously from a Scott cannula inserted into the anterior horn of one of the lateral ventricles through a twist drill hole or burr hole centered 2 cm lateral to the midline at the level of the coronal suture. The cannula was attached by sterile tubing and stopcocks to a Statham strain gauge transducer set at the estimated level of the foramen of Monro. The transducer was calibrated against a mercury manometer at the beginning and end of each rCBF run.
Cerebral angiography was performed by direct carotid puncture. A Teflon catheter was then inserted through the needle into the internal carotid artery approximately 2 cm above its origin. The internal jugular vein, usually ipsilateral but occasionally contralateral to the hemisphere to be studied, was punctured with a needle and a Teflon catheter threaded into the jugular bulb under fluoroscopic control. ICP and SAP from the internal carotid catheter were recorded continuously on a two-channel strip chart recorder. All pressures were expressed as mean pressure, defined as the diastolic plus one-third the pulse pressure.
At the beginning of each rCBF run, blood samples were drawn simultaneously from the jugular bulb and the internal carotid cathe-Physiological changes in brain during coma ters. Arterial and venous pO2, pCO2, and pH were measured using Radiometer directreading electrodes, and corrections made for temperature to 37~ Early in the study O2 content was calculated from 02 saturation using the Severinghaus slide rule; 18 later, O~ saturation was measured directly using a cooximeter. Hemoglobin and hematocrit were measured on each sample of blood. Following collection of the blood samples a bolus of 2 mCi of xenon 133 was injected through the internal carotid artery catheter. The clearance curves of xenon 133 were measured for 15 min using 4 to 8 collimated sodium iodide crystals positioned on the basis of the angiographic findings. Following the study the clearance curves were smoothed and measured by hand. The data were transferred to punch cards and analyzed on the IBM 360 computer using the program developed by Sveinsdottir ~9 translated into Fortran language. The final data received included gray matter weight and flow and white matter weight and flow from compartmental analysis and rCBF 10 from stochastic analysis of the first 10 min of the clearance curve. Only the stochastic values were included in this report; a more complete description of the analysis of the CBF data was included in the paper by McHenry, et aI? ~ Cerebral vascular resistance (CVR) was calculated as CPP/CBF, and CMRO~ as the difference in the O., content between arterial and cerebral venous blood (AVDO~ X CBF/100). The value for CBF used in these calculations was the mean rCBF 1~ for all regions of the hemisphere examined. Autoregulation was tested by raising the mean SAP approximately 30 mm Hg with an intravenous drip of metaraminol* or angiotensin.t Intact autoregulation was defined as a change of rCBF of 7 ml/100 gm/min or less in response to the increase in SAP. Mannitol was administered in doses of 1 gm/kg body weight of a 25 % solution intravenously over a period of 10 min and CBF measurements were made 30 min after the end of the infusion.
The at the end of this report (see Appendix). The statistical tests used were the student t test, the paired t test, and the linear regression and coefficient of correlation tests. The approximate normal values for the variables tested are given in Table 1 .
A description of the patients is summarized in Table 2 . They were divided into two groups according to whether a mass lesion was or was not present by carotid angiography. Among the 10 patients with a focal mass, eight had acute head injuries and two had a large hematoma of uncertain etiology deep in the hemisphere. Six of the 12 patients without a mass lesion had suffered an acute head injury; the remaining six diagnoses included cerebral hypoxia, subarachnoid hemorrhage, and cerebral venous sinus thrombosis. All patients had a depressed level of consciousness and, in those with a mass lesion, a variety of focal neurological signs. Three grades of coma were used to approximate the patients' neurological status: Grade 1 = no response to command, responds appropriately to painful stimulation, all brain stem reflexes intact; Grade 2 = no response or decerebrate posturing on painful stimulation, one or more brain stem reflexes absent; Grade 3 = no response to painful stimulation, flaccid, all brain stem reflexes absent with or without spontaneous respiratory arrest. In the series taken as a whole, four patients were categorized in Grade 1, 15 in Grade 2, and three in Grade 3. Thus, nearly all of the patients were severely ill and in danger of dying.
The interval from the onset of coma to the time of study varied from a few hours to 2 months, but 15 of the 22 patients were stud- Physiological changes in brain during coma ied within the first 48 hours. This is an important factor in interpreting the results, because the acute effects of brain injury (fluctuating vital signs, brain edema, spontaneous changes in ICP) often subside within a few days even in patients who remain comatose. The mortality rate and postmortem findings are listed in Table 2 .
Results

Initial rCBF Runs
The results from the initial rCBF run in each patient are listed in Table 3 . In the patients without a mass lesion, mean CBF for the hemisphere varied widely from a low of 31 to a high of 114 ml/100 gm/min. CMRO2 was reduced in all patients, and ICP was elevated in six of the 12 patients but was very high in only one. ICP was significantly higher in patients with a mass lesion compared to those without, but there was no significant difference between the initial mean CBF values in the two groups.
The CBF values in two patients without a mass lesion (Cases 17 and 18) were 50% and 130% above normal respectively, but CMRO,, was greatly reduced, and both patients were moribund. Normally, CBF adjusts to the metabolic demands of the brain so that an increase in metabolism causes a rise in CBF to provide more metabolites for increased neuronal activity. In our patients, CBF showed no relationship to metabolism. Two patients (Cases 7 and 8), in contrast, exhibited the "nonfilling phenomenon. ' '7,13,17 The difference between ICP and SAP in Case 7 was 1 mm Hg, which was within the limits of error of the recording system. Case 8 was the only patient in the series in whom we failed to obtain a recording from the lateral ventricle. Presumably the ventricles were nearly collapsed. In both these patients, opaque material injected into the internal carotid artery failed to enter the intracranial space, indicating that CBF had ceased. We assume that ICP equalled SAP in Case 7.
The four patients cited above demonstrate that in patients with severe brain damage there is no correlation between CBF and CMRO~ or between CBF and brain function. All of the patients had a low CMRO~ and most of the clinical criteria of brain death. Brain death was proven in two patients by what is probably the best method available, namely, cessation of the cerebral circulation. In the other two patients, however, CBF was far above normal at a time when brain function was inadequate for survival.
The cause of the nonfilling phenomenon has been a subject of debate. Hypotheses include kinking of the carotid and vertebral arteries as they penetrate the dura, collapse of the entire intracranial vascular bed, and selective collapse of the venous outflow system. Figure 1 (Case 10) demonstrates that kinking of the carotid artery can occur but is probably significant only when a very large mass lesion is present. The best explanation appears to be diffuse vascular collapse illustrated in Fig. 2 (Case 8) . Initially, the leading edge of the opaque column stopped in the carotid syphon and had not advanced on a film taken 23 seconds after injection (Fig.  2 left) . Opaque material was injected again and followed by saline under higher manual pressure; the material then filled markedly attenuated intracranial arteries (Fig. 2 center) . On subsequent films the contrast me- dium was seen to reflux from the anterior and middle cerebral arteries into the carotid artery (Fig. 2 right) . Presumably, the increased intraluminal pressure reopened collapsed vessels that then collapsed again from the increased ICP when the injection was stopped.
Focal Changes in CBF
In only two (Cases 4 and 10) of the eight patients with a unilateral mass lesion in whom CBF was measured was the rCBF greatly reduced in the brain adjacent to the mass, compared to the rest of the hemisphere (Table 4 ). The range of rCBF in the patients without a mass was approximately the same as in those with a mass lesion. Thus, a mass lesion may cause a marked reduction in focal CBF, presumably by compression of blood vessels in the surrounding brain, but this is not a uniform finding.
A utoregulation
Cerebral autoregulation was tested in 11 patients with a mass lesion (Table 5 ) and in eight patients without (Table 6 ). All CBF values were corrected to a normal PaCO2 of 40 mm Hg, but these values are not given. Correction of CBF for PaCO2 in brain damaged patients is a questionable practice. One assumes that the cerebral vessels are normally responsive to COs. If the COx response is defective, as is often true when autoregulation is impaired, the results will be misleading.
Autoregtdation was intact in seven and defective in four patients without a mass lesion. When it was intact or defective for the hemisphere this was also true for most other regions. There was little increase in ICP (maximum 13 mm Hg) in response to the rise in SAP, whether autoregulation was present or not.
In the eight patients with a unilateral mass, autoregulation was compared at the site of the lesion, adjacent to it, and in regions of the hemisphere remote from the
Focal changes in CBF (ml/lO0 gm/min) Physiological changes in brain during coma mass. Autoregulation was intact in some regions and defective in others. It was intact over and adjacent to the lesion but defective in the rest of the hemisphere, and the reverse situation was also seen. A pattern could not be defined in this limited series of patients. ICP did not increase with the rise in SAP except in one patient (Case 10).
The effectiveness of intact autoregulation in preventing cerebral ischemia at high levels of ICP was particularly evident in two patients (Cases 16 and 19) . In Case 16, the initial study was performed during a pressure wave, and the ICP was 77 mm Hg. The rCBF was 34 ml/100 gm/min despite a CPP of 15 mm Hg and increased to only 45 ml/100 gm/min after the pressure wave had subsided spontaneously and CPP had increased to 63 mm Hg (Fig. 3) . The maintenance of CBF at levels adequate to prevent any change in the patient's neurological status (Grade I) during the pressure wave is due to intact autoregulation.
An even more striking example of the effectiveness of cerebral autoregulation is illustrated in Case 19 (Fig. 4) . This patient had a cerebeUar hemangioblastoma and obstructive hydrocephalus. The only neurological deficit was mild truncal ataxia. A Scott cannula was placed in a lateral ventricle to slowly decompress the ventricular system prior to surgery. SAP was recorded continuously from a catheter in the radial artery. The ICP was punctuated by the A and B waves of Lundberg, s and for prolonged periods the difference between SAP and ICP was 6 to 15 mm Hg. Throughout this time the patient was alert and well oriented except for occasional headache at the peaks of the pressure waves.
Among the seven patients without a mass who had intact autoregulation, four are alive and three are dead. Among the four patients with defective autoregulation, two are alive and two are dead. Thus, there was no correlation between the status of autoregulation and survival. There was too much variability among regions to make any statement about the relationship of autoregulation to survival in the mass lesion patient.
Effects of Hypertonic Mannitol on CBF and CMR02
Perhaps the most interesting results were obtained in the mannitol studies. Following mannitol administration, hemisphere CBF increased in six of seven patients without a mass by 15 to 70% above the control values ( Table 7) . The highly significant increase in CBF occurred despite the facts that ICP was not greatly elevated (maximum 29 mm Hg) prior to mannitol administration, and the decrease in ICP (maximum 11 mm Hg) following mannitol was minimal. Mannitol increased BF whether it was initially de- proximately equally throughout the hemisphere. Mannitol reduced ICP to normal or nearly normal values in two patients, but of greater interest was failure of elevated ICP to fall in two patients (Cases 9 and 10) in whom CBF increased from 35 to 68 and 18 to 38 ml/100 gm/min respectively. Figure 6 summarizes the data on Case 3, a patient with a temporal lobe contusion and defective autoregulation adjacent to the lesion only.
F1o. 6. Case 3. The rCBF from five regions in a patient with a "burst temporal lobe." Autoregulation was only defective adjacent to the mass, but mannitol increased CBF throughout the hemisphere.
Mannitol increased CBF throughout the hemisphere, somewhat more so adjacent to the lesion.
Thus, in both series of patients mannitol increased CBF whether initial CBF was reduced, normal, or increased, and whether control ICP was normal or elevated. Also, the rise in CBF was independent of the effect of mannitol on ICP.
CMRO2 was calculated from the AVDO2 (internal carotid artery to jugular bulb) and the mean CBF for the hemisphere studied. This can provide only an approximation of cerebral metabolism. The origin of the blood in one jugular bulb is uncertain under the best of conditions. In brain-damaged patients with shifts of the intracranial contents, the proportion of blood entering each iugular bulb from each hemisphere is even less certain. Furthermore, CBF was measured from much but not all of the hemisphere, and the contralateral hemisphere was not included. These factors are less important in CMRO~ calculations in the patients without a mass lesion, because bilateral carotid angiograms were normal.
Another matter of concern in measurements of CMRO2 is contamination of jugular bulb blood by venous blood from extracranial structures. To avoid this problem radiographical visualization of the tip of the jugular catheter within the intracranial space is always necessary. Even then the origin of the blood in the jugular bulb in patients with greatly reduced CBF may be uncertain. Two patients (Cases 7 and 8) had no apparent blood flow through the brain, but AVDO2 was 0.18 vol % in one patient and 4.16 vol % in the other; in one case the blood was arterial, in the other case it was venous. Contamination by venous blood that had re-leased its oxygen during passage through cervical muscles might well account for the AVDO2 values in Case 8, but how does arterial blood enter the cerebral venous outflow tract in a patient without blood flow through the brain? All truly venous blood should be deoxygenated. Perhaps there was minimal residual CBF not detected by injection of opaque material into the carotid artery, or extracranial arteriovenous shunts may exist. The following results from our patients should be interpreted with these reservations about CMRO~ measurements in mind.
Following mannitol administration (Tables 7 and 8), CMRO2 increased from 1.76 to 2.59 and 1.65 to 2.34 ml/100 gm/min in two patients, Cases 13 and 14, without a mass lesion. These patients also had a marked increase in CBF (Table 8) . CMRO,~ in the remaining patients in this series either increased slightly or fell. In one patient (Case 9) in the unilateral mass group, CMRO~ increased from 1.96 to 3.54 ml/100 gm/min and CBF from 35 to 68 ml/100 gm/min after mannitol. CMRO_o also increased somewhat in four of the remaining five patients in this group. However, when changes in CMRO~ in response to mannitol were compared to changes in CMRO~ during the test of autoregulation, there was no significant difference.
Discussion
The incidence and significance of intracranial hypertension in patients with severe head iniuries are uncertain. Vapalahti ~~ found a good correlation between ICP and survival, but in the patients described by Johnston, et al.2 the correlation was poor. In our heterogeneous group of comatose patients the mortality rate was 54% in patients with maximum ICP less than 30 mm Hg and 44% in those patients with ICP above 30 mm Hg. The difference is not significant. Thus, although ICP varies greatly among patients with head injuries and intracranial hypertension is common, ICP does not correlate well with the severity of brain iniury measured by clinical criteria except at extremely high levels.
There was poor correlation between CBF and all other variables measured or calculated in our patients without a mass lesion. In the mass group, the only significant correlation was between CPP and CBF. There was no correlation between CMRO_, and CBF or between PaCO2 and CBF in either group of patients. These results should not be surprising. In normal man and experimental animals hypercarbia increases and hypocarbia decreases CBF; increased CMRO~ increases CBF, and a decrease in CMRO2 has the opposite effect; hypoxia increases CBF and hyperoxia decreases CBF but very little. The effect of increased ICP on CBF depends on the status of cerebral autoregulation; brain edema appears to affect CBF independent of ICP; mechanical brain injury may have a direct effect on CBF through alterations in vasomotor tone. Thus, the relationships among these and other variables are complex, and a large number of patient studies will be required to unravel them.
A major purpose of this type of study was to determine if CBF is adequate for brain function and, if not, to identify a treatment that improves it. Seventeen of the 22 patients had reduced CBF in the hemisphere studied, but in only three patients was CBF below 30 ml/100 gm/min at the time of the initial study. Since there is little clinical or experimental information on the critical level of CBF required to maintain function of the normal brain, cerebral ischemia may have contributed to the coma in only a few of our patients. Cerebral ischemia is determined not by the level of CBF but by the ratio of CBF to CMRO~. Under hypothermia, for example, CBF is decreased, but cerebral hypoxia does not occur because of a proportional decline in CMRO2.11 Thus, the fact that CBF was reduced in many of the patients does not prove that cerebral ischemia was present in any of them at the time of the study, except for the two patients with cerebral circulatory arrest.
There are at least three potential causes of cerebral ischemia in comatose patients. Focal compression of the cerebral hemisphere with an intracranial balloon in experimental animals causes collapse of pial and cortical vessels as viewed through a transparent, watertight cranial window at a time when surface vessels remote from the balloon appear to be normal. 14,22 The rCBF adjacent to the mass was greatly reduced compared to other regions in only two of eight patients with a unilateral mass lesion. Failure of rCBF adjacent to the mass to be reduced in the remain-Derek A. Bruce, et aI.
ing patients could be due to at least two factors. The first is technical. Because of the limited number of probes available in this system, usually only one probe was placed over the lesion. Small, more focal areas of reduced CBF might have been identified with more detectors. Second, it is well known that hyperemia (luxury perfusion) occurs in brain surrounding an area of infarction and intracranial tumors. 1,15 Even with a large number of probes rCBF may be normal or nearly so because slow flow in the lesion, such as contused brain, may be balanced by fast flow in hyperemic brain around the lesion.
A second cause of cerebral ischemia is decreased CPP from either increased ICP or decreased SAP. Simply stated, CBF = CPP /CVR. In normal animals CBF does not decrease until increased ICP, produced by CSF infusion of saline or mock CSF, reduces CPP below 50 mm Hg. Then CBF falls rapidly as ICP is increased further. 1-0,-03 Maintenance of CBF is due to autoregulation. Miller, et al.? 2 have demonstrated that autoregulation to a fall in SAP is quantitatively similar to autoregulation to a rise in ICP. When autoregulation is impaired, CBF declines passively with CPP and cerebral ischemia occurs at levels of CPP that are well tolerated when autoregulation is intact. Autoregulation is impaired by hypoxia, ~ hypercarbia, 4 and mechanical trauma? ~ Thus, autoregulation is a homeostatic mechanism to protect the bra'.n from changes in perfusion pressure produced by either decreased SAP or increased ICP, and in experimental animals it appears to be quite sensitive to various types of insult.
The status of autoregulation varied greatly in both groups of patients. It was defective in patients who had increased ICP and made a good recovery, and it was intact in all regions examined in patients who were moribund at the time of the study. These findings are difficult to reconcile with the observations in experimental animals indicating that autoregulation is very sensitive to brain damage. Two explanations can be considered. The time course of defective autoregulation in experimental animals following a cerebral insult has not been welI defined. Perhaps autoregulation returns within hours or days following the initial insult even though the brain parenchyma remains permanently damaged. Moreover, the brain damage that produced coma in some of our patients may have been localized to or greater in the brain stem and central diencephalon than in the cerebral hemispheres where CBF was recorded and autoregulation tested. In any event, the status of autoregulation in the cerebral hemispheres appears not to be a reliable index of survival.
The third potential cause of cerebral ischemia in brain-injured patients is edema. Edema is difficult to define clinically, but there is recent clinical evidence that peritumoral edema reduces CBF in the edematous brain ~1 and experimental evidence that failure of cerebral vessels to refill after total cerebral ischemia (the no-reflow phenomenon) is due to collapse of the microcirculation from endothelial and perivascular glial sweUing. 2 Thus, focal edema may cause a regional decrease in CBF through compression of the microcirculation. If the volume of edematous brain is small ICP may not be significantly elevated, and, in turn, treatment that reduces the edema may have little or no effect on ICP.
Mannitol increased CBF in 11 of 14 patients in this series, and in many patients the increase in CBF was independent of the level of ICP before or after mannitol administration. These results help explain the discrepancy between ICP and CBF and between ICP and brain function. The cause of the intracranial hypertension now becomes as important as the Ievel of ICP in determining CBF. If the brain is relatively spared by the pathological process that causes the intracranial hypertension, as in the animal CSF infusion studies and in our patient with obstructive hydrocephalus secondary to a cerebellar tumor, the brain can tolerate extremely high levels of ICP. On the other hand, edematous brain or brain adjacent to a mass lesion may become hypoxic because of focal vascular compression at a time when ICP recorded from a lateral ventricle or the subduraI space is not significantly elevated. Continuous measurement of ICP is now being carried out in many neurosurgical clinics as a guide to the patient's status and response to treatment. There is no doubt that increasing ICP can lead to progressive neurological deterioration and death of the patient and that continuous measurement of ICP is important in the early diagnosis and management of intra-cranial hypertension. In other circumstances, however, extremely high levels of ICP are well tolerated and, contrariwise, the brain may be hypoxic from edema that is treatable at a time when ICP is normal.
A final matter has to do with the relationship between defective autoregulation and edema formation, resulting in what has been termed "pseudo-autoregulation." In patients with reduced CBF and intact autoregulation, CBF, by definition, cannot be increased by arterial hypertension. If autoregulation is defective increasing SAP may improve CBF. Here defective autoregulation becomes a potential asset. However, there is experimental evidence that the brain swells when SAP is elevated in the presence of impaired autoregulation2 The swelling is due to acute cerebral edema and perhaps an increase in cerebral blood volume from passive dilatation of the cerebrovascular bed. As the arterioles dilate passively in response to the increased intraluminal tension, the increased pressure head is communicated downstream, and the increase in capillary and venous pressures causes a net exchange of fluid toward the tissue (Starling's hypothesis). If the edema increases vascular resistance in the capillary bed, the increase in CBF that normally takes place as SAP rises will not occur, because the increased resistance at the capillaries nullifies the decreased resistance at the arterioles. Under these circumstances, autoregulation will appear to be intact (CBF does not increase with the increased SAP) whereas in fact it is absent. One purpose of the present study was to determine if this sequence of events does occur in brain-injured patients, and if pseudo-autoregulation is an important clinical phenomenon. It was observed in only one patient (Case 10) in whom the increase in SAP produced a marked rise in ICP and no change in CBF despite subsequent evidence that autoregulation was impaired. Thus, pseudo-autoregulation appears to be an uncommon phenomenon. 
APPENDIX Variables Measured and Statistical Analysis
Variables Measured or Calculated
